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will be in| the December inate of the Quarterly. “Formal 
printed petitions for charters for chapters will as 
to the chapters during the month of October for their ontion 
tion prior to Convention. The Convention will | be « called 


| calendar ayo a member of the executive « committee for a — 


; of five years to succeed Professor Leuschner, and a member of — 
the alumni committee for a term of five years to 
Mr. Donald H. | Sweet t. The nominating committee consists of 
7 Prof. Walter L. ‘Upson, Washington, University, St. Louis, Mo., 
| chai irman; Prof. Ralph ' Ww. Chaney, University of California at 
Berkeley; Dr. Karl Massachusetts Institute of Tech- 
nology. _ Chapters are requested to name their candidates direct 


to o the committee, or through the office of the National —— 


e Act of 
ton, Vt, 
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ADVANCES IN AE ROL LOGICAL 
_-RESEARCH* 


WIL Is Ray GRE 
Chief, United Stats Weather Bur 
-Aerology is by of physics treating oj 
the atmosphere: wate. is followed | by per cifically, the description and 
ion of the of the free air revealed by kites, balloons, 


Talmant gives the following: Ae rology—The branch of meteorology 


“dealing v with the ‘free’ "atmosphere; ie., all parts of the atmosphere not near 
earth’s surface. Aerological estigations are made with kites and balloons, 
and also include observations of clouds, meteor. trails, the € aurora, etc.” 
is consistent with: the definition proposed by W. Koéppen at the Milan meeting 
of the International Commission for Scientific Aeronautics, in 1906, “namely: 

—" The | study of f the free atmosphere throughout its vertic: al extent, 
as distinguished from investiwations confined to the layer of the atmosphere 
adjacent to the earth’ s surface ; upper air research, as carr ied out with 
balloons, etc., through observations of clouds, 1 meteors, the at aurora, “ete” 


This more restrained use of the term “aerology” and of its derivative, * aero- 


logical,” has been generally adopted by pace Apa services and is the one 


that will be followed in this pc paper. 


> 


- Not many years ago it would ious been _ perfectly possible to give a fairly 
complete summary of our knowledge of the. structure of the ree or ‘upper air 
in - the course of a ‘single evening. _ This is no longer the case. Recently this 
— subject and its application to the practical business of prov iding_ service for 


aerona nautic s and activities of ¢ very _kind, Prompted several 


“Aerolog, 


. These courses occupy never less than one 
year, - but usually two, three or even more. _ They are made possible by the 

rapidly increasing amount of upper air data resulting from intensive inv stiga- 
tions that are being conducted by practically all meteorological services 
, throughout the world. Hence, the tiene happily has arrived when aerological 
‘< research has become so extensive that only a ‘small portion | of the subject can 
be covered in the course of a single evening, and j it is my purpose, therefore. 

~ confine “my self tov what I believe to be the most significant ‘advances of the last 


(1) W inds in the and sub- 

ty (2 2) T he | use of upper air data in frontal analysis and Risstore in 
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Before t up these topics, it is proper to summarize 


briefly whi hat is known of conditions a and Phenome na beyo md the Prese ent ra ange 

of meteorological observation, that is to : say, at altitudes greater | tha in 30 to 35 
kilometers above sea level. — Our knowledge of conditions in the upper air oT 
strata i is : quite naturally in inverse ratio to their height above the earth, , 


characteristics of the troposphere or lowest portion of the atmospher re are 
known in consider ‘able detail, those in the str: itosphere up to 25 to 30 miboeneters 
fairly well, though much is yet to be learned, b but above this latter height little 
direct information is available. It is being rapidly added however. Only 
a brief summary of both fact and conjecture is here presented, and thé at sum- 
al is limited to’ phenomena that have e or at any r rate appear to have, defini 
Attention is invited to Figure 1,. which Martyn and Pulley = 
conception of the normal distribution of ten iperature up to a height of 300— 
kilometers. * The part of the curve up to pris 30 kilometers, marked “Sound- 
ing balloon limit,” is well est ablished by observ ation and shows the troposphere : 
with fairly decrease in temperature from the” surface to about 11 kilo- 
meters, in this letiieale. and above it the Sg re, with an ave rage temper “7 : 
ture, also in this latitude, of approximately — wy a here is a variation with 
latitude, the height of the tropopause (base atosphere ) increasing 
6 or 7 kilometers in the polar regions to about 18 kilometers near the equi ator 


and ‘the temperature of the e stratosphere « correspondingly decreasing from 


Above - height of 35 kilometers no obecrvations of temperature as such | 


available, and this part of the curve in Figure 1 is based on theoretic a 


| 
considerations and must be accepted as tentative. a he marked | rise in tempers 


ture between and 60 kilometers, if it exists, provides an explanation 
certain phenomena otherwise difficult to account for , chiefly, the action oO 
meteors at these heights and the 1 rec eption | of sound ‘waves beyond a zone of 
silence from explosions at points: a long distance from their” source. 


are 


The most interesting part ¢ of the curve perhaps is the rapid return to a low 


temperature at about 80 kilometers. _ This i is based almost wholly on on the « oceur- 
rea at very rare intervals (or at any rate | only a few observations have been 1 


made) of wha at are now known as noctilucent clouds. _ These consist of a thin, — 
cirrus- -like, luminous A in a layer of 


a movement abo vat 100 kilon per hour. Humphr concludes the at 


of 
or {um 
‘this cloud is composed of minute ice crystals and, if er be true, ae, the t lapagscania 


of the air nec essar rily pr ate n it 


ated by the | broken curves above 100 kilometers. Wi hile highly conjectural, 7 
they. prov ide a a reasonable explanation of the electron collision frequencies that — 


eTra- 
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RECENT ADVANCES IN AEROLOGI( AL RESEARCH 
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cons, — 
rvics i 
— 
last conclusion has been accepted by Martyn and Fulley, as a result ol a 
Colum lures are attributed mainly to the absorption of solar ultra-violet energ i 
=... 


7 


special interest and possibly of significance to me teorolog, 
are the variations which are found in the amount of ozone in the atmosphere! 
_ They are in close correlation, for example, with the pressure, temperature and 


density it in the ‘stratosphere and with the barometric distribution at the earth's 


ie “surface. . This Jatter relationship i is shown in Figure 2 from which it appears 


Electron collision irequencies (F 


Auroral green line (Babcock) - -- 


val 


a 


Nitrogen auroral Rosseland) 
-.-+------- Interaction of radio waves (Bailey and Martyn) 
Electron collision (E region) 
--- Noctilucent clouds (Humphreys) 
- Audibility limit of detonating meteors 7 


Non- disappearance ¢ of meteors (Lindemann and Do 


'--= Sound { explosions Whip le) 


‘Height-km 


seem then to she a valid assumption that the variations. in the amount of ozone 

are ‘related not to the barometric pressure itself but rather to the sources of 
2 different air masses, the ozone being most abundant in polar air and least in 

: Bar. chief interest that all of this a to meteorology lies in n the possibility of 
forecasting 
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and movement of the different types. of we: ther at are assc 
with fronts, anticyclones, “cyclones, etc. It is significant that in 1935 the 


International Meteorological Organization, at a conference in W srs, adopted 


- . resolution urging the organization ofa widespread network of ozone stations 
A} 


jor the purpose of determining whether or not knowledge of the variations in 


: the amount of ozone from day to day may be of benefit in weather forecasting. 


It remains only to add that the W eather Bureau is planning to take part in this 
aii by establishing five or more such stations in this country, 

n this extremely sketchy outline we have barely touched ee a few of 
tose amr in the eric p 


| Fad Schematic 4 distribution of ozone 


3 


of the air is as yet very limited, we are adding | to. ‘it almost 7 
daily and at a scieantatiediie increasing rate. The state of this region is ‘wael 
to radio, ane 5 it 7 have a greater saat on our surface weather than y we 


= IN THE STRATOSPHERE AND SUB- STRATOSPHERE 


belied that, in ‘the nearly all ‘fights will be made 
at heights of 20, 000 feet or more, thus getting away from the turbulent we eather. 
conditions of the lower levels and also taking advantage of the more fav orable 
winds prevailing in the higher part of the troposphere and the lower part of 


4 — 
= 

BB are so inclined, the reading of what is known regarding other things in these \ 8 

‘= regions of tenuous air will prove to be of absorbing interest. Our knowledge be a ' 

Dobson) in cyclones and anticyclones. (After hy 

h 
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ces of 
mation regarding upper winds. It has been used in this country for about 
iyo i twenty years. It has the weakness that it cannot be used when very low clouds aie ates - 
Ig Present or when precipitation is occurring. Moreover, when winds are 


— 


= 


e carried out of the 

“observational range belave ‘the higher levels are reached. The data are there. 
re to some extent selective, | although not to the extent that might be thought 
since soundings are frequently made just before or immediately Following 
precipitation or the occurrence of cloudiness. Altogether therefore j it is 


generally considered that the data represent quite closely the average 0 or pa 


ite of the at t all lev els for which a of 


4 to 5 or 6 arnt awe been presented from time to time, and “the brad, 


- general characteristics of this region, so far as winds ore concerned, are quite 
— well known. . Sufficient data for that purpose become available in the | course 


of so short a period as five years, although the longer the period the better. : 


Naturally the e data ar are less complete for ‘Neher. but during the twenty 
years of observation a considerable amount has accumulated. These have” 


or recently been analyzed by Loyd A. Stevens of the -Weathe r Bureau and will 
Shortly be published in monograph un under title “ ‘Winds in the Upper 
a .. roposphere and Lower S tratosphere over the United States. "5 The re results 
= presented in a series of tables and charts showing the Seeaiency of winds 
of various directions an and d velocities, resultant winds and extreme ve velocities ior 
we the four. seasons of the year at levels of 6, 8, 10, 12 and 14 kilometers. We 
—§ be able to give here only a sketchy outline, ss 
ntion is inv ited first to Figures 4 and 5, showing wind ‘Toses at 8 and 

= 12 kilometers in summer and at 8 kilometers in winter respectiv ely. Data ; are 
insufficient for higher levels in winter. . In these charts the length of the lines 


indicates the percentage frequency of winds from various directions, the 


oe figures at the ends of the lines are their av erage velocities in meters per second, 


and the ‘number of observations is shown in near the wind roses 


ate 
Con s features broug ght out by Figures 3, 4 and Sor: (a) the 
of winds in the northern half of the country 
summer and in all sections / during winter ; (b) the wide evtiter in the southern 


of the country g st 1 easterly in 
Florida and Tex northward. extension of the Trade’ wind 


regime ; (c) the higher velocities of westerly than of easterly winds, seals in 


the s southern ‘states during summer and (d) in general the high ver velocities of 


in “temper rature “tha 


ae ty Turaing now to Figures 6 and 7, we find the same data presented in a 
different form. They have been t ‘treated vectorially ‘the arrows shown, 
~ each for a different level, give the resultant wind value and therefore represent 
‘movement of the atmosphere a: asa whole p past ‘a given point over a period of 

years (e.g., given two vectors, north 10 and south 9, the resultant is north 1). 

the ‘summer r and winter values are given, there are all 
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but phasized, for example, (a). the west al reache 


if levels and i in all of the during winter (b) the lack of a definite Dt 


establ 
impor 
yarior 


% higher velocities in winter than in summer. There is an interesting sri 
to this last ‘statement in the ca case. of the most northern s stations, winter showing 
lower resultant values than summer, and also a slight decrease with height. 
This may be due ‘to failure t to make observ ations w when strong winds occur, the contit 
~_ balloons being then carried out. of. “sight” in the: lower levels, but another and and 1 
altogether plausible explanation is that the height of the tropopause (hase of HR oarat 
stratosphere ) considerably less winter in summer, probably. 
about 8 kilometers in the former season over the nor thern states. This IS a _ front 
_ Apart from their practical value in connection with the planning of air lin alrea 
schedules, resultant winds of special interest in studies of the larger phys 
_ general movements of the atmosphere. In fact, if accurately determined from in st 
a sufficient amount of ‘data, they, indicate exactly “the characte ristics | the prob 
_ Planetary circulation in the regions. which they represent. — A good illustration 4 
is given by the statement in (b) above, regarding the lack of anything like a “= 
air "movement at ‘upper lev els” over the southern states during summer 
4 


1 qu 
This is well brought out also in Figures 3 and ~ inp 


The existence of a high level anticyclone, centered d over Texas, is clearly 


presst 


have 
—tions.® It and the sabe ard €xtension of ‘the high pressure belt are due to he @ 
northward migration of the the ermal equator during ‘summer, W ich ‘results 
a similar northward of the ‘horse latitude” belt to 


40) 
r forecasts is and probably always will one 
of the most important | functions o ofa meteorological service. There are many 
others, equally valuable, but forecasting affects the lives of all the people and 
is activity by which we are widely most 
ver since national meteorological services began to be shin 
1870, have been | based in large part familiar synoptic weather 
_map, which shows ‘the geographic distribution of the meteorological elements 


and i their changes from « day to. day. ia is well “know n that Ww eather conditions 


— 
travel in a fairly regular manner, altering’ more or less as they move, and it 
is possible, from a detailed study of past synoptic charts, to estimate | from a 

_ current map ‘the changes that will take place during the next day or two in 
the location of cyclones or “Lows” ” (regions of relatively low pressure) and 

anticyclones or “Highs” of relatively high pressure) and 
=e weather conditions that are characteristic of these pressure 


Much progress was made the early” years” of use of this 
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method, but, being en empirical, a “dead line” of dependability pres 

Nite 

the 


ition 


air from different everce regions, ial, 
‘continental and ‘marine, have distinct, characteristics of temperature, “humidity 
movement, and they ‘tend to. maintain: their “individual identities “over 
paratively long periods of time, with the result that at their surfaces of contact © 
‘they. form more or less ‘fronts.’ aa is along thes se 
frontal surfaces s that the processes involved in “weather phenomena are most 
active, and the study of them, now generally referred to as “air mass analysis,” 7 
already has proved itself a powerful aid in dev veloping forecasting along sound ; 
physical lines and is destined, we believe, in the not very distant future, to result 
from. in substantial in the accuracy and precision of the forecasts and 


the ext 
in 


ation forecasting 
kea a 
mer at ot the more: in the air. cies h 
wt - in part, and in part only as yet, been overcome. Radio has greatly assisted by ‘<i 
arly making reports available from sea and from distant continental sections. Codes 
lera- have been adopted which yield greater detail in the data transmitted. Most _ 
a I =. 
th significant of all perhaps is the introduction of the airplane in making upper | 
is in air observation s. Airplanes have their limitations as to height and regularity, 
ately BBB but they are ap w providing at about twenty-five places i in this country invaluable 
ie, data up to about, 5 kilometers, quite promptly and in all weather conditions — 
“except those that are too haz zardous for flight. There is. ‘thus made 


for analysis information ‘regarding the vertical structure of the situialione. 
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* 

including ressure, tem erature and humidity, thereb su lementin 
including its pressure, pe nd humidity, y suppleme g 


(i 


e 

means of Presenting those data for and ‘thorough sis. 


energy transformations that are taking latter is essential 
‘the identification of the various air masses, for the analysis of their phy sical 
conditions and processes and for the prediction of their future behavior. For — = 

ses the more conservative properties of ‘the air are “special 
in si seeking an index which will remain as nearly as possible con- 
stant, two quantities known: respectively specific humidity and 
potential temperature | have been found most: useful: The specific humidity is. 
“the mass ¢ of water vapor “per unit mass ‘moist. air; the equivalent potential 
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precipitated, followed by an adiabatic return to a sta! 
ous procedures have been devised for bringing out, in diagrammatic form. the 
them the “tep 


Fie, 8. bruary 13, 1936. 


e for abscissa and 


and 
cloud 
north 
scale 
show 
devis 
devis 


ever 
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— 
dry air » With the mass of water va 
3 ir as abecissa and the potential temperature th and 
— _ Of the atmosphere as and the of the dry air componen 
2 -tephigram principally in the of which differs from the 
chart with being plotted on an adiabatic es 
&§ 
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vertical section which shows observed a 
equivalent ‘temperatures and specific humidities, winds, 
- clouds etc., as ordinates and a geographic section of the country, west to east, | 
= 

north to south, or any other” direction as abscissa ae. Neces: sarily the vertical 

“scale is greatly exaggerated. Several such vertical sections are required to. 

show the: conditions for the entire country. We have not as yet beem able to | 


uld combine all into one chart, nor is it likely that we 


Y, 
YYy 
VY 
ATermperarure. Equivalent Potential Temperature 


Relative Humidity \Specitic Humidity Yy 


Fic Vertical section, Spokane-Omaha. 


example of the applic ation that can be made of these _ 
vertical ‘sections | in air mass analys sis, attention is invited toa recent paper by 


-Lichtblau of the W eather Bureau.’ In this paper the author discusses the forma-_ rn 


tion, life history y and other characteristics cold fronts in this: 


Fi igure 8 is the synoptic map of the western part of the county for 
February 13, 1936, = shows the usual features of such maps,—temperatures, 
winds, ae isobars, high and low pressure centers, etc., and in addition there : 
are indicated the locations of fronts at the surface, , solid: lines ee — 

fronts and broken lines \ warm fronts. 

‘We come now to the part of Lichtblau’s paper in which 
a this namely, the use of da ata i 


ture: 
ari- 4 > 
am,” 
| 
abatic 


126 


a By (relative, and specific), winds, clouds and other conditions at various altitudes 


| February 13, 1936. Lines of equal temperature have been drawn and two cold 
me fronts are indicated. In this figure as in Figure 8, to which it is related, the 
large letter symbols indicate the air masses that are present: Pr, = Pacific: 
Pe, polar continental ; and Np», transitional polar Pacific. 
a igure | 9 is a typical example of the way in which vertical sitions are first 
prepared. For purposes analysis it is desirable to place these as. nearly 
possible along” a straight geographical line. Spokane, Cheyenne and Omaha 
being unsatisfactorily located in this respect, Lichtblau has used the data in 

BILLINGS BISMARCK 


4 


as determined from airplane observ ations at Spokane, Chey enne and Omaha o on 


10. 0. Vertical section, ‘Spokane- Fargo. - 
, in conjunction with those in Figure 8, in constructing four ‘schematic 
ver rtical sections, each ina different direction, of which one is here selected, 


a Figure 10, which brings out in a very striking way the significant conditions | 


pointing ‘out. the significance of these vertical sections in connection with 


does not permit our taking up the details o of this Paper. The point 
ae that we are trying | to make is that a ‘definite, substantial beginning has been 

os made in the utilization of ; Upper air data in the actual, serious business of fore- 


are sketchy as yet, ‘the technique of them 


Ae Ps Paradoxically pecs the more data we have and the more refined the methods 
of applying them the ‘greater become our difficulties in meeting of the 
ee requirements of forecasts, that is, the necessity of issuing them promptly. Wee 

F should have difficulty, for example, in justifying a service that could provide 


a; 4 perfect forecasts three or or four days after the period to pwtdehe they apply. aoe 


"possible and t the practical needs » that we are endeav — to meet. 


ong a west-east line from Spokane to Fargo. The author concludes his paper 
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that we are de velo ing: ‘this s 
‘thing is P 


“already been m made ‘but ‘it only the opening ch 


THE OF THE RADIOMETEOROGRAPH 


a: In what we have said thus far it must have been evident that one of the 
"greatest handicaps under which all meteorological | services operate i 


adequate dz ita from the upper air. At the surface automatic 


that take Continuous veel in the upper air are not per 
never will be. It is ‘necessary to on occasional soundings which repre- 


‘There is a still more serious ‘deficiency, however. already stated, pilot 


are used for observations of winds, and airple snes for those of pressure, 

temperature and humidity In addition, sounding balloons give us records of 
latter three elements a and, in winds also up ‘to very gi great 
Each of these methods of upper air exploration has serious limitations. Pilot — 

- balloons are useless in, and above clouds and during precipité ation, and they 

disappear quickly if strong winds prevail. Airplanes: fail in bad w weather, often 

_ when the data would be of most value, and they are limited to the lower half : 
of the troposphere. Sounding balloons go very high but the records they secure 
do not become available until the instrument is found after its descent, and the q 
information therefore cannot be used in current service. 


These deficiencies” ‘in methods now employed and others in use, 

“such @ as kites, captive and manned balloons, provide the chief explanation of the 


as the radiometeorograph. At ‘te | present time “seven” “independent 
investigations are in progress in this country, and similar work is being carried = 
on in many other countries also. a fine | feature connected with all this | 
activity is the arrangement that has been made by the International Aerological 
Commission for exchanges of reports of progress, which include also detailed 
- descriptions of the apparatus that each is dev eloping. _ In other words, the goal 
“is not t individual glory, but the most efficient product possible. Thus, through 
this « exchange of reports, the best features that are being developed by those © 


point working on the problem will ultimately find a place ina not 

fore- It is not our purpose there to discuss technical details ‘these instruments. 

them To do so properly would -Fequire v ery much more time os than are 

olved. available. Already the literature of the subject is fairly extensive, and those at 


a: 
ethods interested are to some of the more recent publications.* 
f the J 


“especially of a radio. transmitter which is by a barometer, 
mometer anda hygrometer, all of light but of precision. 


tm of telemetering, in which | a rotating hand, ‘gedadited by “clock or other 
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are controlled by ¢ hanges in pressu temperat ature h humidity. The intervals ‘tain 

between these contacts and the moving arm makes regularly wth The 

fixed ‘Points are converted into v alues ad pressure, temperature and humidity, = our 

on the basis of calibrations previously made bes 

The apparatus by Diamond, and Dunmore departs from ser 


q 
in pressure as rises for. moving a 
switch arm over set of electrical contacts separated by insulating strips. 


Resistances in the circuit which are controlled by temperature and humidity 
elements modulate the continuous high | freque ney transm ission of a radio 
+3 = = and by having the pressure element switch resistances in and out of [ER ges 
iD 
= circuit in a definite: order a record of all three elements is obtained | at the . < 
he many perplexing problems connected with securing reliable records o 


and we are now planning to put the instruments into regular daily use at two 
_ or more stations within ™ next few months. WwW ith the experience thus gained 


pressure, temperature and humidity are ‘in a fair way to complete solution, 


are confident will us substitute this method for throughout 

T here | still remain ‘difficulties, however, in utilizing radio giving records 
ad of air movement. In order to keep expense down to a reasonable figure it is 
if possible, to devise a method | involving only one receiving station 
instead of ‘two or more cas ordinarily” employed in radio direction finding. 

Experiments now in n progress, using high frequencies, well up toward 20), 
» give co onsiderable ‘promise eed anne. so that, in all _ likelihood, 


=] 


= 


x 


within a ‘ion ‘years, adiom: orographs will be capable. of bei ing for 
obtaining records of wind direction and velocity as w well as pressure, W 

met a Undoubtedly y ou have sensed, from what I have said, that in oe view the 7 a 
development of the radiometeorograph stands at the forefront in the advances le 


eo that have been made in aerological research, yet paradoxically enough it has ol 


dil 
“yet contributed practically nothing to the science. hy, then, all “the 
-siasm and optimism regarding it The answer is that the development hs 
now proceeded to the point where we know ‘that regular use will | soon hb * 
possible. When that time comes we shall secure just the kind of information 
- that is vital to detailed analyses of the structure of the atmosphere and the i 
application of these analyses to forecasting. a he data will ‘not be restricted y lo 
al 


rological factors limiting ‘soundings as at present but will represent all 
types of weather conditions — and reach well up into ‘the stratosphere. The 
will be available once inetend of ot two or three o more tours 


= the sounding i is made. ~ 


a Nor will te — be limited to our knowledge of the upper air. Thee 
based on the: same principle, can aced 0 on small 
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4 hurricanes, or in isolated sections of the polar regions to give us advance 
regarding the formation and intensity of a cold wave, or on 
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of ice forming or othe conditions hazardous to flying. 
The possibilities are in fe ct practically limitless and they abundantly justify a 
“our optimism in regarding this adv ‘ance in aerological research as marking the | 
beginning of a new epoch in the contribution of meteorological science and_ 
service to human efficiency, to and to human hi appine 
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GENETICS AND EVOLUTION 


ry, 
RNANDUS PAYNE 


4 | have chosen to speak to you briefly on the subject of ' “Genetics and Evolu- — 
tion. oe volution is without doubt the central biological problem to which all 


_ others are subsidiary and so it is proper that we ask ourselves whether the — 
recent advances: in genetics, of which ‘spoke this morning, have contributed 
" toa better r understanding o of the “methods « or theories of the ways of « ev olution. 

. a Before proceeding, however, I wish to make clear the distinction between | 


“evolution and the method of evolution. By evolution I refer to I Speen 
perhaps we might even call it a ‘fact, that living ‘organisms | have 

been as they are and that they have come to be what they are, through a se 

of changes, from pre- existing forms. By methods of evolution | I refer to the 
ways by which | changes have. taken place, ‘the: causal factor: s involved, 
the directing forces. — _ For the moment, then, we are concer ned with methods of 


“evolution. Evolution we shall take for granted, 
In discussing these 1 problems it is well to have in mind what a theory - of 
_ evolution must explain: _ There exists several hundred thousand species of 
- plants and animals on the earth. The concept of just w hi hat a species is, is s not 7 
sharply ‘defined, but for our purposes we may think of a species as sag group of 
_ individuals having for the most part similar characteristics, living in the same 
-geographi n and freely interbreeding. Our concept should also i tude 
variability among the individuals, genetic as" well as somatic. Observations of 
living forms show that species are not static. They are ever changing, some 
perhaps rapidly than others. “he geologic r ecord emphasizes this fact 
by demonstrating that species of the past were different from those of today. 
hat i is ‘the cause of these changes Are they random? W What directs species” 
in the w way they go? If it is chance why doy we not find many - other s species, for : 
certainly all possibilities have not been exhausted. Why are there genera, 
families, orders, and phyla? W hy has evolution, in instances lik the horse's _ 
foot and the ‘elephant’s tusk, gone in | definite directions? Some species “have 
arisen, flourished for a time, and then disappeared. Why? ?> W hy do the prin- 
cipal phyla of animals as know them today appear in that early geologic 
formation known : as s the Cambrian v without any clearly established relationship? 
Why have organs, such as the eyes of the blind fishes, degenerated after having 
been functional in earlier phylogenetic history and why have the “sensory t Ol 
buds become more highly dev eloped? hy do not closely related species 
occupy the same areas - Why are some e animals protectively colored, and w hy 
do some change their coats the seasons? ‘What is the explanz ation | o 
mimicry (Of secondary s sexual characters ? some animals and plants 
— to cold oem to warm, some to dry, and some to moist — 


s fe ed on on oo animals Why 
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live, but characteristics not t neces ri adaptive. 

In fact, some seem ‘to have actually been injurious, if. we may judge from such 

extinct forms as the dinosaurs. At least these highly ss 884 forms ao 
not continue to. exist under changed environmental cc conditions, ¢ 


change came about gradually. Even “ continues, to live on, in. spite of wars 
vestigial organs, One might continue to. 


‘methods (note the plural) of evolution many, and that the operating 


‘ca sal factors may lik ise be many. 


Basic to all our thinking of evolutionary problems are two 
postulates which all take for granted. There must be ange or variation, 
and secondly these changes or variations must be inherited. You see 
diately, then, the intimate ‘relations between genetics and 
ause 
genetics concerns itself. primarily with variations and their "inheritance c. 
hat I propose to do is to look i in summary fashion at the most popular 
theories of in the of our newer knowledge of 


— 


As 
it, so to 


the ‘Lamarckian theory the effect of the environment is indirect. 


vae® Causes the individual to do things which it formerly had not done. i! Use and 


: _ disuse bring about changes: which are passed on to the offspring, and thus 


ed character rs ar a to be inh erited. Both | these theories are concerned 
he Darwinian theory of Natural Selection was based on several _assump- 
, as well as the observed fac s that animals and plants | vary and that man 
has brought about radical and diverse changes in domestic animals and _ plants 
by means of artificial selection and crossing. It was assumed that most of the 
variations occurring in nature are inherited. 4 It was also : assumed that, on the 
average, parents produce more than two offspring 20 that the population 
increases in a geometric ratio. was further | assumed that such rapid 


> 


increase in the population would give rise to sctadiedliies: competition in the 


struggle for existence, to get food or to keep from being eaten. It was likewise 
jumed- that some variations would occur which would be of advantage in the 


favorable variations 

to themselves. The 

lied. “i In addition it was assumed that variations would continue, in the. 


wring the same direction, is, they be 


in his later years to help explain the origin: of variations. 
The mutation theory as dev. eloped by DeVries was based upon observations 


and experi riments with the evening primrose, Oenothera_ iana, | should 
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GE NE TIC AND E V ‘OL UTION, 

i; like to emphasize mn fact that for the first time in the bisnery of evolutionary a 

/ thought the experimental method was effectively used. It is true that Mendel 


other hybridizers had the experimental method but they had not 
correl: ated their work the existing theories | of evolution. It is also true. 


that Darwin used the method but only to a limited extent. 
a -Oenothera lamarckiz ana is p probably an Ame rican speci 5 introduced 
Europe. DeVries “found plants growing in the fields about Hilversum and 
the discovered among these wild forms a number of variations, some of which were 
‘markedly ‘diffe ‘rent in several respec cts the par arental type. When brought 


into the garden and selfed, these variants bred true. ue. The parent species, 
-lamarckiana, when bred in the garden gave Tise more ations like those 
to, discovered in the wild. Since the variations appeared sudde nly and bred 
ame: - DeV ries called them mutations, and since the differences between mutants and 


pecies. 


- parent al forms wei ere so great, she thought of the mutants as as elementary 


He had discovered a 1 method of | species formation or ‘evolution by means 0 
large sudden heritable variations. DeV ries called upon the Darwinian 
to. » supplement hi his theory of evolution by means of mutations, as the mutation 


theory alone concerned itself. ‘primarily with the ori igin of variations as did 


Recently a new theory of evolution has say” eme 1 

it is called emergent evolution. Be It is not actually so a but it seems: to have 
had a recent eruption, Judging by the amount of discussion it | has evoked. — By 

some, including Jennings, it is hailed as a deliverer from bondage. x hat | is 
this theory of € mergence ? —T admit I am somewhat det nse and so may get lost 
in the jungle of words with which is enmeshed. however inte erpret 
correctly the adherents. of the theory, an individual i is not merely the sum of its 


parts. . They illustrate it by saying that two separate gases, H and O, cies 


to produ water, which has  properti entirely “diffe rent from either gas. 
pa 7 W ater has emerged. A Countless other ‘examples of a similar sort could bes given, 
canal ; ‘New characteristics of animals and plants 1 may emerge from genic changes and 
S uw combinations of genes, _and so the door is opened for u unlimited — 
lation 


reveale ed many instances, of ev 
Notable examples already mentioned are the » changes from a four- toed horse 
in th 

horse with a single toe and the progressive of 


a A factor in evolution, if not a a complete explanation of ‘species formation, is — 


cewise 
‘elephants. Many other examples could be given. In n fact, if look only 
the end products, it would seem that all complex organs must have dev eveloped 
ations 
“ee “step by step in the direction they have gone. E -imer, who ‘first developed his a 
hict of evolution i ina straight line, thought of the directive fore e or for ces 
which 
within the organism, Others suggested that the environment might be the 
in the 
: ~ causal factor, while a third possibility is that only those variations which go in og 
ie a given en direction are preserved. Sel 


braced 
“isolation, Wher hen we speak of ation we usually think of geo graphi ic isolation, 
where of one sort or another keep groups ‘of individuals from freely” 


vations 
sh vuld 


In the past it had been new variations had but 


ce of surviva of 
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in ‘ a 
- occurred in a small group of isolated individuals, i its ae of ‘survival would 
4 be far greater. # his idea was originally developed by W agner, later by Jordan, 


' 7 and is now very y generally supported by taxonomists. It can be illustrated best 
_ by a study of island faunas and floras. Volcanic islands must, of course, be 
populated | by forms which migrate from the mainland. Darwin in his: studies 

a had noticed that the fauna and flora of the | Galapagos Islands w were ‘similar to 

those of the mainland of South America, but that many differences existed. } 

He also found that while the ‘different islands of the group were very similar 
with respect to ‘their, faunas and floras, , each island had | forms peculiar to it. 
~ It would seem that isolation such as mentioned, ‘while not encouraging Variation, 

possibly play a part in the "preservation of variations and hence: in this: 

way, play a part in the evolution of species. Barriers may be. of other sorts, 
sad as climatic, or phy siologic differences, which prev ent interbreeding. ““T 
at The ‘theories which | I have outlined all too briefly do not exhaust the list, 
but they are the ones of major interest to us and time does not permit a con- 
sideration of others. You may have | noted that no one of them giv 


and _answe ers to all o our questions. 


link 


one aspect of the berger of ev because ‘without variation and 
inheritance evolution cannot take place. — W hat are these dev velopments ‘in 
Ww ev 
genetics wW which might influence our thinking about evolutionary probl ems? 
- There are two aspects to these developments, one cellular, the other experi- 
mental the cellular ‘giving the physical basis: for the interpretation of the 


experimental, ith respect” to the cellular. basis we know: 


That an egg cell of maternal origin unites with a cell of 


cell division, | grow th, and differentiation. Thus the ¢ germ cells are 
connecting links between parents and offspring. 


each germ cell, maternal and in a Series of 


‘That in cell diy division each chromosome ¢ divides so that cell 
the body has the double ‘number of chromosomes 

in germ chromosomes pair, like like, 


at 

irs of 


“That shen the maternal wut 


‘separate, the distribution is a one. 
the experimental side a considerable body of know ledge has accumu- 
‘lated and certain laws or derived. 
pertinent to our further discussions : t 
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, in which case the individual is said to be homozygous. 
Sometimes. aia unlike as as in hy brids, in which case the individual is said 
to be heterozygous. — In either case when the germ cells are formed the two _ 
genes of given pair ‘Separate. _ This _ separation of the genes s germ cell 
formation is the law of segregation. — The cellular explanation i is that one gene 
of the pair lies in one member of a pair_ of homologous chromosomes and the 
“other: gene in the other chromosome of the same homologous pair. 
2 In his original experiments Mendel discov: ered that when he crossed parents 
differing with respect to two pairs characters, each pair behaved inde- 
pendently of the other. This know nas: the law of inde dependent assortment 
- and is explained on the basis that one pair of genes lies i in one pair of chromo- 


somes and the second pair of genes lies i in a a second of chromosomes. the 
ay) 


One of the early ‘discoveries of his students was 
ta do ‘Rot assort independently ; that sometimes the characters 


cross come out together. They called th 


‘In the male ‘Drosophila linkage is. “complete, but in the female 
| ASE 
the characters .exl ibiting ‘recombinations in a a certain percentage oll 
‘cases. In the formation of these recombinations, crossing-over is said to take | ; 
and the is that pieces « of the homologous: 


crossing 
One of the most interesting developments of the genetic studies in -Droso- 
- phil is that the number of groups of linked genes is four, and that there are 
four pairs of homologous chromosomes. oats corn there are ten pairs of chromo- 


somes and ten groups of linked genes. 


&- Studies of crossing-over have given evidence that genes are arranged in 
linear: order within chromosomes, those lying near, crossing- over less, thos 


lying | farther apart, crossing- OV er more. 
Other genetic facts pertinent to our evolutionary thinking in 
Drosophila. and other forms where extensive 
mutations have occurred and are still occurring. | Most of these mutations are 
genic changes, but some are due to chromosomal -Tearrangements, or since the 

genes lie in. the ‘chromosomes, to | genic rearrangements. would seem that 
these mutations are random, that they are as apt to cover in one direction as 


to the wild- -typ pe, the wild- -ty is dominant and ithe: te brid 
hile i in general the effects of a gene are fairly precise—due per- 
environment may modify the effects a a gene. good is the red 
Primrose which, when reare at 35° C. and in moist places 
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gene is in no > the moist are provided, 
hat the gene is stable is lemor nstrated by fact that at in genes 
separate sharply without ut influencing ex each other. In fact, a gene | for white coat — 

color may be kept in a black rabbit for generations without effect , for when 

a two white genes agai come together, a white coat is the result a w* 


‘The Popular concept | is that a single character is dependent upon a sinale 


altant 
given. nation genes. The best perhaps is the 


cross between rose and pea ‘comb in the domestic fowl. _ The hybrid is walnut, 
a comb unknow n before this cross was made. In Drosophila orange eye color 
is due to. two genes, one, , the other, r, salme mon modifier. But the prob- 
that every characte or is ners to the combined action of a number of 
genes. If one pair of genes in the system changes, the ‘modification or mutatior r 
which ‘results, t behaves, in inheritance, as due toa single | pair of genes. 
color in Drosophila has mutated many times in different directions. Some 
of these mutant genes lie: in the first some | in the’ second, and so some. 
red cannot in different loci, unless there 


genes rec 4 Th me is | ue for other characters. | 


a 6 While we usually think cf a » wins gene as affecting only a given character, 
fact vis that a gene- may affect characters. The seed capsules of } 


the commen jimpson weed hav e spines. Ine Blakeslee’s cultures a muté with | 
no spines occurred.” These two forms not. only differ with h respect: to spines, 


ke 


but also with respect to thickness "ol atiene, length of internodes, and habits 


The causes of changes have not been ered, but mutations have 


be been produced by means of heat and x and radium rays—some of the mut: ations 


which have occurred treatment. These effects are direct effects on 


rat 


the ‘field of ‘but Ww which has had considerable influenc e recent diseus- 


es, is that t of Johanssen o ‘on Pure Lines. " Darw in made ; 
se in b his theory of Natural Selection. it 


well knc known ‘Dar win’s wn now, ‘that if, in bisexual forms 


character ar selected and inbred, 

the direction of : *lection. There 

ch effects, and usually selection 

the 1 an e charac to what 


_ other cases the Even though the character star 

in Dros Iry food all flies are normal. Even he 
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_self- fertilization occurs. . By using a nai: bean as th in order to 
start with homozygous genes, and w eight as the charac ter, he 
he might shift the mean_ in the first generation, but after that, continued 
selection for lighter or heavier beans, was ineffective. The descend: ints of a 
- single bean, he spoke of as a Pure L ine. How, then, ‘oe evolution take place 
Pure L ines? By “Means 0 of mutation, Johanssen s 
Let us return now to our theories « of evolution oui ear 
The Buffon, St. Hilaire thought was the atthe environment acting directly. 
as causal factor” in evolution. Since, under “experiment il conditions, 
extreme heat and X- -rays, by acting directly on the gene s, may cause mutation, a 
here i 10, reason why these same factors _and_ others as well, might 
ccount for ‘some evolutionary changes if not | for all. _ Even if we did grant, 
however, that environmental factors could account for all mutations—a sup-— 


pe on not supported by genetic evidence—the re would still remain the ques- 
of the forces ‘moulding evolution i in the directions it taken. Of cours 


the environment must play a large part, even here, but it is difficult to conceive. 
_ just how the environment could determine the direction | of the development of 


a complex. organ like the vertebrate eye or ear. 


gg The evidence from genetics gives little earings to the e Ls amare cians. 
appear suddenly. They are due 
rearrangements and are in no sense due to ; 
transferred to the gene. Genetics gives no evidence for any type of variation, — 
other than mutation, as_ effective in e evolution. It is s true, of cour e, that the 


environment may cause mutations by acting directly on the genes, as just stated, 
bat this is not variation in ‘te. I rasmus sel ase. In spite, however, of the 


i 
‘i 


negative ev vidence of tics, the theory has its many folle 


ters, think ‘it ‘may be truthfully saic n ‘a re-ex 

evidence, that not one of ‘them will \ W ithstand repetition under are of | a 
critical investigator. It is true that somatic effects can be proc luced experi- — 
‘mentally by changes in the enviro iment ; that “such effe ven 1 persist for 
a few generations after a returt n to dornial conditions ; and that the g ts 


have not given a satisfactory explanation of this carry-over. — Some ‘ins. 
~even think that if organisms are bred sufficiently long, millions of ye 


‘haps, the effects might become permanent. here, however, ene 


t st 


= made but little effort to lala a causes of variation. He 
in nature, and while he ‘knew some Vv 
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ap 7 appear with eyes and the number of facets is larger, yet when the flies with | a | 
red, - eyes are inbred and compared with cultures of flies with no eyes, the results are — i q | 
ere _ identical. The genes have not been affected by the changes in the soma, 
tion on by Darwin, 
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were too to be in ‘evolution, and he ‘theo thought that 
such large sudden variations, or sports as they were then called, w ould tend to 
throw things out of balance ca a lack of coordination of parts. In his 


later y ears Darwin accepted, the Lamarckian principle to explain the origin ot 


_ for the most part, ‘the 1 fluctuc dial 
hed _ which we now know to be ‘due to the environment, and which we now know — 
are not inherited . With respect, then, to the most crucial part of any theory of 
‘is, V variations and their or igin—the theory of Natural Selection 
failed. It was built upon an insecure foundation. Considering, however, the 


weak foundation, the superstructure has withstood attack remarkably well, due 


largely to the fact that the error in Perhaps Darwin's error 


can be excused in part on the ground. that the caeaeiadl method has not yet — 
come into general use, and there is no way of distinguishing between fluctuating | 
variations: due to the environment and mutations except by the breeding test. 
It is true ‘that | genetics has not answered the question of the origin of muta- 
tions, but it has said emphatically that mutations are the only variations which 
‘can be used in the building of any theory of evolution, and that | ey are the 
result either of genic changes or genic rearrangements. a 
Even though Darwin’s error was a gross one, it must be noted that the 
variations upon which he built theory | included ‘mutations, as we define 
that word today—size does not enter into our definition—and so N atural 
_ Selection may still be, and probably is, a factor in evolution by operating upon 
. In fact, Ww right, in his recent discussions 0 of evolution, i is ver) 
- positive on this question. He says, “The conclusion seems warranted that the 
enormous recent additions to knowledge of heredity have merely strengthened 
; ‘the general cor “conception n of the evolutionary proc process reached by in his” 
“exhaustive analysis of the data available seventy years ago. 
Since Darwin thought of variations random and _varying about 2 
“statistical 1 nean, | the “question arises whether m mutations vary. they as 
apt to occur in one direction as in another . Perhaps our data are too few for 
a final answer to su such question, but they are indicative. First, mutatio 
frequencies are different. for different genes. Some genes in Drosophila have 
mutated many times, others | not at all. _ These mutations are oy in me 


> 


‘to be limitations, for the colors are variations of red, wich down by ati. 
to white. 2 As Shull has pointed ‘out, blue and green have not appeared. * In 


this: instance, at any rate, it would seem that variations in eye color can occur 
only within certain limits—limits determined by the structure of the gene itself 
and the physiology of the organism in which it of perates. Even ‘though muta- 


tions are not random, in the sense that they are as apt to go in one direction J 
as another, they may still” furnish the | variations on which Natural Selection — 


acts. It merely nm ‘means that the possibilities for evolution in diverse directions 
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is ‘the assumption that 


at “no one can but the evidence 


Much discussion as Cee about the question of the chance of survival 

of a new "variation e population. Prior to our present | 
genetics we talk ale Fray swamping effects of crossing. The idea seemed to 
be that | if a new variant mated to a normal or wild- wee individual the new 
variation would be diluted that if this hybrid mated to at nother wild- type 
individual there would be still further dilution; a and that if this outcrossing — 


continued enough the new variation would fir finally disappear. On this 
only in one or in 1 only: a few individu: als 


an. 
or genic Genes are in ‘no way” ‘diluted by 
outcrossing. They persist, even though recessive and in the hetero-- 
zygous state, as long as the individuals possessing them persist, and they will 
be passed on on to future generatio ms as long as these individuals reproduce. 
>. ith respect to dominant mutations the case is simple. The only question P 


hether the mutants are to survive: and With to 


— 


assuming it to be vi ible, of itself in a keeping 
ee mind that two like genes must meet in fertilization for radnentonsibal 


“appear. If the mutation appears only ¢ once, the chance of a recessive to estab- 
ish itself ina population, and perhaps even replace the parental seems 
"very remote indeed. ‘the same mutation more than once, 
the chances of survival would be increased. Since, how eve problem 
cannot be attacked ‘experimentally, the answer to such a a question will probably -* 
never be reached. Only theoretical possibilities can be pointed ou out and this: 
the mathematicians have done. may be true, of course, that recessive muta-— 
tions, particular] the kind which aave occurred in our cultures—for the most 


-playe ‘ed little or “no i in ev volution ; but this is a dr rastic 


—hav 
statement, especially since genetics gives no conclusive evidence other 
‘Mutants are more potent in ev evolution. R. Fisher, in considering this is ques- 
tion, devises ways by which 1 recessive characters | may be changed to dominant -_ 
ones by the selection of modifying genes. . Ww hether this is possible I shall not = 
judgment, but WwW right is skeptical, even though he thinks the recessive 
mutants, furnish Sufficient variations for evolution. must admit cannot 

low the ‘mathematical gyrations of these men, and so for this reason have no 
right to criticize their conclusions ; but I have never been convinced that 


“theoretical a answer so derived is necessarily in conformity with actual facts 


ticularly the taxonomists, as an important factor in evolution, and I pen CY =. 
i i inci ught is is, that in 1 restricted groups of aes 
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Genetics has demonstrated that there is much heterozygosity existing in 


:s populations. a Slenes anything which would bring about inbreeding, or anything 
which would prevent free intercrossing in the population, would _ tend to segre- 
existing ge genes. In other words, isolated groups | of ‘individuals 
may become different from the population without the occurrence of 


4 new mutations. course, if new mutations did occur there would a better: 


chance of survival than | in the 


it should be kept in a, Sunvover, , that in a restricted population there 


will be fewer m utations the for the ve ery obvious 


not as conducive as those intermediate in ruodil-ase populations for ‘the 
reasons mentioned, large populations because is so” little = for 
production of individuals. 


e her rite le vari ations 


that the mutants were described as species. Species formation 
a simple process—é n change, the come of “which was unknown, 


Genetics hz shown 7 arly that size does not enter into. our 


en 
of a mutation; that most mutations are really small and hence species do not 
_ suddenty, by a ‘single jump, come into existence. f rhe result i is that the mutation 

_ theory is now merely a statement with respect to the kind of variation which 

“can be effective in ‘evolution. Other factors eae had to come to the rescue 

_ Orthogenesis or ‘Straight lit line evolution is very obvious in humerous instances, 

even ‘though 1 we re do not know its cause. _ Genetics, however, gives »s no - evidence 

for orthogenesis. The only orthogenetic series, if the end products alone are 

on, is the series of eye colors from red to white—changes of a single gene. 

But these changes did not occur in an orthogenetic series. me hite firs st ‘rose from 
_ red, and all the others except eosin have arisen from red. i . 4 


It is obvious that my remarks have been somewhat superficial and -incom- 


te plete, but nothing else was attempted. — I have tried to point out to you the 
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of “genetics to evolutionary rofessor Morgan 
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were: Dr. W. R. W hitney, Professor Harlow Shapley and walls Gary 
Calkins, of the committee, Edward Ellery, the national secretary. 
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| THE 167 ANNUAL SIGMA XILECTURE 


Auditorium, ‘Murat Theatre » Indianapolis. — 


Lecturer: Dr. Irving Langmuir, Laboratory, General 
Company, Schenectady, N.Y. 
‘Topic: “The Biological Applications of 


THE [EXECUTIVE COMMITTEE 
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INVE STIGA 


WILLIAM S. McCann 


Professor. ‘of Medicine 
ersity of Rochester 


of the cliniclon, who ventures to Rate at the bedside of a patient the methods | 
of science. His da of “observ: ation are admittedly crude often purely 
qualitative. attempts at control of experimental conditions organisms 
as complex as human beings must often seem little short. of ludicrous to a mind - 
- like that of Willard Gibbs. Yet the pr pr -actice of medicine. has been ‘such a. potent 
stimulus to the curiosity | of men, has sent so many physicians exploring into 
natural Phenomena th that Medicine has been aptly called the Mother of Sciences, 
ae, We may say this proudly” but without boasting or making undue claim jor a 
place for Medicine among her 


We: may, it is true, speak of the medical sciences, but for the purposes of this 


ssion I would have you make a distinction in your minds between these 

disciplines: and Mother Medicine herself. Anatomy is 1 ‘not Medicine, Mor is 

Phy siology | or Biochemistry. The science of Pathology ‘has grown to a “mighty 

-_‘strectare, dealing with diseases, their nature, causes and results, yet pathology 
not Medicine, , because Medicine deals not only with di ases but with the 

sick man, and in . performing ‘its ultimate functions it ‘still r remains an art. af 

_-It is my purpose tonight to talk about clinical inv estigators, those men ‘age a 


e brought the tools s of science to the bedside with the aim of studying x 
interaction of the patient and his ‘disease, in the hope of establishing a clinical 3 


<= 


&§ science, which will | strip from the art the last vestiges of my sticism, empiricis m - 
| a and guesswork. I want to make you | feel that there is after all a kinship between 
y ou and these Their goal seems far | less likely to be achieved than the ret 
: final conquest of Mt. Everest. is ; tempted to 1 pursue ‘the analogy, but in med 
Ee a Bee that it may not be labored it will suffice to say that no matter what Frie 
By scientific. preparations are made at the base camps, Or w hat scientific aids bed -_ 
; instruments are used, the final ascent of E verest will probably be made | by mout- 7 ie 
that is by experts in the art of climbing mountains. And so it will = 
be with the ultimate triumphs of clinical medicine. 
crit 


interactions, in that psy cho- biological ‘entity which we call a patient, 
— betw ace a pathological process one the patient himself, is rev ealed by what we 
sy sy mptoms and phy sical signs. . The beginnings of a modern clinical science 
were the foundation of nosography Ww vhich was laid by denham. The Greeks, 


of course, had made great progress “nosography. Sy denham ‘revived the 
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CLINICAL 
i 
‘The worker in pure sciences, accustomed as he is to extraordinary precision 
in the measurement of his data of observation and the utmost rigidity in the 
ba 
he! 
— 
— Laent 
Addis 
times 
“Che 
i 
fined 
the 1 
had 
caug 
phys 


method « of describing clinical entities a carefully observing s 


of the “patient, their permutations and and the 


of which the course of disease was revealed. Sydenham’s_ great merit 
the | fact that direct and ation for spec ‘ulation, and 


The sy ystematic ‘classification of nosogr: iphic entities s stimula ated 
ve S _Linné developed such a system on the lines of botanic classi fication, 
but his ‘efforts yielded no important result because he classified - symptoms rather 
than diseases. Advance beyond the method of Sydenham had to await a period 


of pupation in Nosography, | which time pathological- anatomy was developing co 


Cie 


<> 

clinicians were employing 1 new techniques « of observation. 
tat 


nerity ate and later mediate pe rcussion, 

ethods  Laenmee to use auscultation. hus physical signs w vere added to ‘subjective symp-. 

purely | toms and superficial as a of the armamertarian of the nosog- 

nisms rapher, and, as clinical is estigators "sought to discover the meaning of these 


| mind signs by corr elating wt wi ith post- -mortem findings, the morbid anatomy of 


potent disease became an ess tial of “nosography. This process initiated by 


0 TR | sennec provided the i otif of clinical investig ation for more than sev ent 
ences, five years, resulting iition nical entities which n now bear 

the names of the men who first describe them. Pie: hus we cing Grave’ s disease, 


Addison’s disease, Brig ght’s: disease, the Stokes -Ada ome, ete. | 

times sad first classical description of a symptom 4 or sign 


nighty 

ology 


1 who received its” first: great impetus from Magendie and later Claude Bernard, 
othe me caught the ¢ German fancy of the period. While much of the ground wor 


linical physiology, "biochemistry, and pathology was being laid in Gern any 
ricism during this period true clinical investigation languished. German 
tween : medicine did not begin to come to the : fore in this field until after 1870. The 
in the _ return to the discipline of nosography initiated the great period of German 


but in medicine, producing such men as F rerichs, Leyden, - Nauny n, E rb, Westphal, 
Friedreich and Kusmaul, men who may take their srg: among the ‘great clinicia ians 


moun _ About: this time the impact of P asteur’s s discoveries began to be ielt. bi: I 


t wil teriology was brought to the bedside with the : result, that in the infectious dis- 
cases, the specific was added to the existing “nosographic 
atient, 
at we ‘eratyphoid fevers became and t to this might also” be added serologi al 


cience criteria: ‘such a as. the Widal agglutination test in ty ‘phoid, or the W assermann 


complement fi fixation in syphilis. After all the « essence of the method « of Syde 


ham and Laennec remained unchanged, nosography grew chiefly ‘refine 
“ments in the methods of observ ation. 
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period there was a great development ¢ espe. 

cially in Germany < of physiological methods in ‘clinical observation. Not only 

a were functional tests added to the general nosographic picture, but the at 
as ‘strong to seek a an understanding of the functional ‘significance ¢ of ‘symptons 

and signs. “While. a a trend is discernible in German medicine from the 


beginning of the 1¢ nineteenth | century it was ineffective i in producing a Clinical 
science until given proper orientation through nosography, such as that bins 


During: this period the fl state of all the phy sical of 
the basic medical sciences resulted in a great enrichment of the armamentarium 


4 


oa of the clinical investigator. _ The availability of the x-ray, the string ‘gal: 


j -vanometer, the re finements | of morphological, bacteriological and immunological 
techniques, and the improvement in biochemical methods, made p Possible a 
tremendous advancement in ‘in knowledge of pathological physiology. One may 


readily ‘see the extent of progr ess in this direction by - examining Ludolph Kreis 
a book on “P athalogieche P Phy mynclagie” which is a fair summary up to the time 


from the is well | illustrated the 
diabetes of the dog produced by vou Mering and Minkowski. proces 
of partial pancreatectomy provided a host of biochemical investigators with a 
of studying the: disturbances in the intermediary metabolism of fat an and 
: a and greatly enriched our knowledge of diabetes. — ~ It also furnished the 
basic fact upon which the ultimate isolation | of insulin « de pended. 
oe is almost always the case that the experimental disease falls short of exac: 
duplication of the disease in man. __ Experimental pancreatic diabetes was no 
It is only by care ful comparison. with the true ‘nosographic picture 
that the limitations of the experimental disease may be appreciated. It is thas 
of the utmost importance that skill in clinical observation be not neglected by. 
those en ‘engaged in experimental | ‘medicine and ‘that the discipline of 
be ‘retaine d lest the experiments shoot wide of the mark. ie fl 
point “may be further” illustrated the field of Bright’s disease. 
nosographic descriptions of Bright ‘made 100 years ago_ 
accurate and complete. _ Bright “described the gross anatomical lesions of the 


_ kidneys together with the principal types of clinical behavior of those afflicted 


description included the abnormalities of the urine, the accumulation ot 
_ urea in the blood, the paucity of blood proteins, the phenomena of dropsy, hyper- 

“trophy of the heart, ‘the hardness of the pulse (hy pertension) chief det ails 
— which were lacking were those which required the aid of a microscope. This: 

details w were later added by his successors but in ‘such profusion that the -clear- cut 
outlines of the nosographic patterns were lost. It was not until 1914 that 

% 
= Vv olhard and Fahr i in Germany rescued the : subject from confusion and restored 


th the clear sharp « outlines of the clinical | entities which male up Bright's disease. 


aoe a Up to the time of this reorientation a vast amount of relatively futile work 


had been done in the experimental pathology of renal disease. _ Almost immed 
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PRESENT STATUS | OF CLIN IC. I NI ‘ESTIG 
ately after "7 progres 
Masui i in ‘Japan, Ahlstrém in Denmark, and Smadel in the United § States have 
y to duct 0 gressive 
the diffuse of man, the use of. 
cytotoxic sera. Clinical investigators in this field will be satished with nothing 
less than complete identity of the nosographic criteri which irk the ge 
toward which they are struggling. Only i in this manner can experimental ¥ a 
be obtained which may with confidence be to disease as it occurs in 
‘4 I hope at this point to be clearly 1 ur 
which are not inspired at the bedside. On the contrary 1 it as of funda 
mental importance that inv estigations is should proceed from purely morphological, a 
biochemical or physiological motivation without needs or 
| demands 0 of the clinic. _ The t task of the clinical investigator is to use the tools ; 
Me :hus provided to forge the last link in the chain, but that link if it is to fit must st a 
be moulded to the pattern of the true nosographic entity. 2a Se ae 
if were asked what characterizes the newest development in clinical 
investigation in this country I would hazard the statement that it is the study 
of the patient as a psy cho- biological entity. The sufferer from Bright's disease 
is not a decerebrate animal to be considered only as the possessor of a pair of 
kidneys. iE ven from the strictest scientific standpoint he is to be regarded as — 
a thinking, feeling person, capable of emotional reactions which may profoundly — 
influence all his vegetative functions, including those of his kidneys, just as the 
iailure of his re renal function may affect his psychic behavior and the whole 
integrative action of his nervous “sy ystem. These psycho- somatic interrelation- 
ships constitute the peak of Mt. E verest ae the clinical investigator must | 
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fear, and rage, for pur poses they 1 may be 
influences which excite these emotional mec hanisms. Shes hen we work with a 
in the clinic we rarely know to what extent his fear o death, his w worry 


moders phy vician that | he takes these factors into account 
“program, yet they still remain a source of 1 major embarrassment ‘to the clinical 


investigator who is trying to maintain constant conditions during: experimental 


| 2 = reminded of the c case of a physician who entered ow our metabolism unit & 


as the subject of a. “study” of diabe i n had been carefully | observed 
‘during his active practice and experienc oh 
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whatsoever. is the sort of thing I had i in I said that ¢ the 
7 ‘experimental diabetes of the depancreatized dog falls far short of duplicating 7 


disease as it occurs in man. | | 
I do not mean to imply I despair of ever being able to, control these 


factors. The clinical investigator may have to wait till the modern Psychologists 
until emotional be measured ely, o or “until 
; have taught us by the use of selective drugs to eliminate reactions which \;\j 
interfere with experimental | conditions. 4 
nd Modern investigators are realizing the importance of Hippocrates’ insistence 
= a know ledge of the “constitution ” of a patient. Efforts are under + Way 
to discover anthropometric clues to constitution and the ba sic "psychological 


and physiological patterns which accompany them. . So far little progress has 
Zz: been made in this direction. Perhaps the clues lie in the field of genetics om 


the evaluation of factors results of 


are ‘dear to the of actuarie es are accepted 
under protest by the true clinician | who is trained to deal with his Patients 

individually. Except as "special procedures ‘may be evaluated in this way 

_ there i is little science in therapeutics, concerning which we must still say = 


Hippocrates that “Life is short— ~The Art long—Opportunity i fleeting 


” 
Experiment i is perilous—Decision difficult. 


I have in this rather summary fashion tied to present to you some concep- 
n of clinical investigation as distinguished from that which is more purely 
: ne s a of the laboratory. Some may think perhaps that I have ov erstressed the impor- 
tance of the purely de: descriptive discipline of nosography. If I have done 80 it is 

rR because i it has been such a useful guide, which in the past has’ kept e expe yerimental 
a procedures from going futilely astray. It is like a map which shows the uney- 
plored areas where details are to be filled i in in. Science proceeds: both by observa: 
_ tion and acters, yet we are sometimes prone to slight ‘the disciplines which 


ition, without which remains sterile. 
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